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OF TRANSMITTING AND REFLECTING MATERIALS 
EXPOSED TO A MMH/N 0^ ROCKET EXHAUST 


by Robert L. Bowman, Ernie W. Spisz, and John R. Jack 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio U4l35 

ABSTRACT 

This paper presents the changes in spectral transmittance, and reflec- 
tance due to exposure of various optical materials to the exhaust plume of 
a 5-pound thrust bipropellant rocket. The engine was fired in a pulsed mode 
for a total exposure of 223*7 seconds in the NASA Lewis Research Center 
Environmental Simulator Facility. Spectral optical properties were measured 
in air before and after exposure to the exhaust plume in vacuum. The con- 
taminating layer resulted in both absorption and scattering effects which 
caused changes as large as 30-50# for transmitting elements and 15# for 
mirrors in the near ultraviolet wavelengths. The changes in spectral prop- 
erties of materials exposed to the exhaust plume for and 223.7 seconds 
are compared and found to be similar. 

INTRODUCTION 

The optical properties of spacecraft lenses, windows, mirrors, and 
thermal control coatings can be affected by contamination from sources on 
the vehicle. The effect of the contaminant will be of concern if spectral 
absorption or scattering is introduced at critical wavelengths or if the 
solar absorptance or thermal emittance are changed. Since thin films of 
some types of contaminants can cause one or more of these effects, informa- 
tion on the contaminant source and the optical effect of the contamination 
is required. Among the possible sources of such contamination are the 
thrusters used for attitude control of the spacecraft. 

At the Lewis Research Center a liquid-helium cooled space environment 
facility is available so that thruster contamination studies can be done 
with proper simulation of space conditions. Previous Lewis studies of con- 
tamination from RCS thrusters have been published in references 1, 2, and 3, 

The purpose of this test was to determine the changes in spectral trans- 
mittance and reflectance of several optical materials due to long (223.7 
second) total exposure time to a MMH/N^O^ rocket exhaust plume. To evaluate 
the effect of total exposure time, the results obtained from this test are 
compared to those from a previous test (ref. 2) with an exposure time of 
about seconds. Also, results for samples at different pallet locations 
are presented to determine the Influence of location in the plume on the 
optical property degradation. Other aspects of the contamination experi- 
ments are presented in companion papers (refs. U, 5). 


1 



EXPERIMENTAL APPARATUS AND PROCEDURE 


Facility . - The experiment was performed in the Lewis Research Center 
2x4 meter liquid helium cooled space simulation chamber which is described 
in reference 1. A MMH/N2O4 5-pound thrust version of the MOL reaction con- 
trol system tnruster (ref. 1) was used as a source of contamination. 

For this experiment the thruster was operated in the pulsed mode with, 
primarily, a 50 -mille second on time and 100 -millisecond off time in a series 
of 8 pulses. An interval of 7 minutes elapsed between series of pulses. A 
total firing time of 223.7 seconds (4468 pulses) was accumulated over a 
period of 49 days of which 16 were actual firing periods. During non-firing 
periods, the facility remained at vacuum conditions. The thruster firing 
schedule was dictated primarily by the supply of liquid helium and the stor- 
age limitations for the boil-off gas. 

The optical samples to be discussed in this paper were mounted on a 
temperature controlled pallet whose plane was parallel to but displaced 
10 cm below the thruster axis. Figure 1 is a schematic drawing showing the 
relative location of the thruster package, and the location and description 
of the ten samples which are discussed herein. Sample C-l is located 10 cm 
from the nozzle exit plane and sample C-7 is 35 cm from the nozzle exit 
plane. In addition to the ten pallet samples to be discussed, the pallet 
consists of 26 other samples which included thermal control coatings for in- 
situ radiative property measurements (ref. 5), silicon solar cells for de- 
termining changes in electrical characteristics with solar radiation, and 
various materials for compatibility studies. All of the pallet samples are 
1-in. in diameter and are mounted with their top surfaces flush with the 
pallet surface to minimize disturbances to the exhaust flow. 

Measurements of the spectral optical properties of the samples were 
made in air before and after exposure to the exhaust products. After the 
completion of the thruster firing, the samples were stored at room condi- 
tions while the spectral measurements were made. It is recognized that the 
ex situ measurements may include effects other than those which would be 
measured in-situ. An in-situ spectral measurement capability was not avail- 
able for these experiments. However, comparisons of integrated ex-situ 
spectral measurements for changes in solar absorptance with total measure- 
ments made in-situ for white coatings indicated that the total changes de- 
termined by the two measurements are similar. 

Reflectance Measurements . - Spectral reflectance measurements were made 
from 0.3 pm to 2.5 |j,m using a Gier-Dunkle magnesium oxide coated integrating 
sphere reflectometer (ref. 6) with a lithium fluoride prism monochromator 
(ref. 7). In this reflectometer, the sample is mounted in the center of the 
sphere so that both the angular-hemispherical reflectance and the diffuse 
reflectance can be measured. Angular-hemispherical reflectance measurements 
are made for an angle of incidence of 1.5 degrees^ diffuse reflectance 
measurements are made for normal incidence so that the specularly reflected 
radiation is reflected out the entrance port of the sphere and is not 
measured. Specular reflectance is calculated as the difference between the 
angular -hemi spherical and diffuse reflectance measurements. 
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Transmittance Measurements - Twn H-f-p^v.^v.4- , 

mke spectral transmittance measurements l L S , Wre used to 

sphere that was used for reflectance mp«,r Mg0 coated integrating 

from 0.3 to 2.5 am IA (2) l ^oT? entS over the wavelength range 

spectrometer (ref. 8 ) with a 590 grooves per ^ SGanning 

ments over the wavelength range fvnm n iA P f a lmeter gating for measure- 
utilized the sample-in/sLSe If f * b ° ° Both ^asuring systems 
inlet slit (or^ort) T Sf TritlltT ^ the sample loCated ^ the 
ferent transmittance s. The meas^menis Itdf ft f^ st ? ms meas ^ two dif- 
hemispherical transmittance in that all of thJ'l h-i ^ integratin g sphere are 
the sample is collected and mtasu^d tl P t f 0 " transmitted through 
ments made with the ultraviolet soect/mpfA teg ^ atin S sphere. The measure- 
in that only the radiation SaLmitSd transmittance 

of the 1 meter spectrometer is mea^d ™ 5°- along the °P tical axis 
transmittances is due to scattering effects/ lfference betvreen the two 

of the r ^pie Ul “ alea^fTS; W n 5 b ^ h "* S " eaS ^ d * center 

sphere and an area T 5 \ C< T red in the in tegrating 

meter. by 1,5 Cm was Covered in the ultraviolet spectro- 


restjlts and discussion 

taminSl'on K on P a S hs"ed i q^rtz s^Se^ 0 * 1 f otograi,hs ° f the ^suiting con- 
samples were removed S i v ” llrror s8,nple taken aft « the 

quartz sample (fig 2(a)) arrears ss 1 er f Tbe Gorj taminat ion on the fused 
randomly Atrtt&d STS^ £££ 1 ” hl = h “» 
tween the drops. On the mirror sLple (fig afeaS be ‘ 

in size and more uniformly distribute ^ e ^op^ts are smaller 

sample. The differenc/i^ ^ 1 TV-! ^ plete surfac ^ of the 

droplest for the two samples can probablv/^/f ° f the contaminant 
materials, difference in P S urface finish the different 

during thruster firing it should fl ic ’-u the temperature of the sample 
bution on the samples my be Iffect^ L th&t the dro ^* t d ^i- 

the orientation of the pLlet In add-on 116 degree b y gravity because of 
of the nonuniformity in the size and dist/b f 1S notewortll y that, because 
measurement of tranLittSce and TeflTol ZTTll £ 

being sampled and may not be truly indiLtive/fV tntZ/^f *7 th ® &rea 
effect. y - Lauica tive oi a total contamination 

hemlspheflS^an^direotifnal ° f thruster °dhtamlnant on the 

the 223.7 second exposure is shown Tn filre°( L_1 f ° r 

wavelengths greater than 0.6 nm because S ch»l» n ° presented f ° r 

spherical transmittance at wa^len^ts lon^TZnT ^ ^ W - 
less than 0.6 pm degradation occurs nW y D f? th ? 0,6 P m - At wavelengths 
spherical and directional transmittance ^ 0 & 32 T /b f ° r b ° th the h6mi_ 
transmittance changes are 0 11 and 0 k’i/ .?? u ’ the a PP r °xim&te 
16.0 percent for himisSerical and d,^L t ^^s^ttance units or 11.6 and 
with changes as large as 35 v ^ ctlonal transmittance respectively 

directional tranX e ?he hanL ^ thJT 6 " °‘ 22 ^ fo " the 

me change m the hemispherical transmittance 
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layer - (lher ' « *i»°r 

seen in figure 3 Zt at lL ZnT^^ ) 14 =“ be 

predominant effect and at wavelengths < « M ? U an 0.35 absorption is the 

dominant. wavelengths greater than 0.40 pm scattering is pre- 


the comparison in fi^re 4 The ch^ve i contamination effects Is shorn, by 
fused Arts samples C transmittance Is shown for fou? 

change In both hemispherical L,d dir.!?, 0 " 6 ,' , 3 ™ ple E_1 shows the greatest 
lengths below 0.28 pm wheS apples c 8 S t ™»»ittance except for wave- 
is almost a 50 percent degradation in 'th? Cban p s greater than 0.3 which 
variation of the change . ? ! uncontaminated transmittance. The 

samples E-l and L-l Te sZu r (t for 
change for R-l is greater than for f’l 5ni- 3* any g f ven way elength the 
on the right side. The data for sample L-l^ndL pos ® lb1 ^ more contamination 
change in directional transmittance (fig 4(a)? L *T hp ^ about the same 
cal transmittance (fig. 4(b)) for ssmnif^ T , ^ he chan ges in hemispheri- 
However, this sameAesf may be coincSce slL^L * T 8180 the si “- 
the nozzle are different for each sample. th gl ® distance from 

is shown i^fiLre sphere exposu ^ e time on transmittance changes 

changes for fused quartz sample 1-1^^^ siSl^^r the transmittan ce 
from reference 2. Quartz sample A-i hal a SS qua f bz S8Jnple ^“ A 

44 seconds (as compared to 223.7 XconS ft Tint ^ °f 

the sample pallet in the L-2 position (f±J 1 ) KV located on 

cal transmittance for these two sarmi^ 1 C’., The chan e es m hemispheri- 
a slightly greater charge (delraSSo!? thl'f f £ th sa “ ple L ' 1 6l »>rtng 
showed greater charges in dirSXXrOX ^ ’ S ‘“ nple h' 1 ^“o 

than 0.32 am, but smple FQ-A sXd\XfO? ? or “velengths shorter 
than 0.32 pm! These large chaSeT^Z, ™™langths greater 
are due to scattering as indicated bv the 1 t * n tte visible wavelengths 
occurs. The general conclnei™ 1 ? *“ absorption effect which 

figure 5 of tS cSSgeTS llXSeX^V' ^ fr0m the “■***«»> in 
exposure times is that total exposure M.-lT’™’ for the tw0 ilff erent 
slight effect on absorption for wavelengths Se^V^T haS "** " 

mirror~i,~ before^rlfte? expSure to°the t tL- h T lSPll ? riCal refloctan=e of 
mirror reflectance is lower tSn that nhf^ tbr ^ ster Pl^e. The contaminated 
lengths less than 1.5 um A f o 6 m Clean mirror at re- 

flectance is 7.5 percent "less £hL thl 01 ^ he contamina tol mirror re- 
acter of the change in mirror ^ rr ° r ref l ac t a nce. The char- 

in , e 7 which shows the fractional chan*?^ ^ ^ m ° re c l ear ly in fig- 
mirrors L-2, L-5 R-2 and R s t>, ^ ^ 5ienus P }ier ical reflectance for 
flectance Atio\ J - f ^ fra f ^ ional change is given by the re- 

there is an apparent tbsorptiS^fftct^as 1 !!?!; f h ° WS that 

around 0.8 pm which is also the region of alS™ ^ pe f? ent ) occurring 

ss. 1 ? -s^°f^“rro~ ?r -‘S z*. 

aluminum absorption caused by multiple ^flecUoS “ ^Sn^U. 
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te seen in figure 7. in the Wavelength red co £ tamina ting effect can also 
mirrors R-2 and R-5 show more fractional S between °- g and 1 u m, the 
rors L-2 and L-S. This is the samW trend thaf “ f flectance than the mir- 
samples and may indicate more contaminaM™^ * T fOUnd for the <iuartz 
It is also noteworthy that the fractional chancp * right side of the pallet, 
which are farther from the thruster no^V ™ greater for the mirrors 
though closer to the nozzle exit 1 f he mirror s L-2 and R-2, 

to the thruster axis. P * &re at a lar S er ^gle with respect 

shown in figure a f bW h th^cLJarisOT e S 0 tte e f tlm ^ reflect ance changes is 
spherical reflectance for mirror L-2 pvnnc changes in hemi- 

M-A (ref. 2) exposed to the plume for 44 ^ 223,7 sec °n<is and mirror 

less change in hemispherical reflectance forT^’i ThS results indicate 
for the shorter but the difference is ve™ lon S er exposure time than 

ence is consistent with the results found fo^the' Th j S u light ‘ diffe rence 
transmittance comparison discussed previously. h quartz hemispherical 

mine the e™pati\uity^!f T t \ie™^“ 0 “2 includ = a ™ ‘he pallet to deter- 
The surface on one o/the sa^lefL hfiSvTl Ve' exhaust 
sample had a diffuse finish nrmri K h gbly P ol ished while the other 

The hemispherical reflectance data for y the?p S ^ ea f" blaSting the surfac e. 
shows a significant decrease over the wavin' ^!J" ples shown in figure 9 
radation in reflectance is as large as W engtb range covered. The deg- 
and 50 P^cent for..the diffuse sSface tl ITT TT* polished surface 
tegration to obtain solar absorpWe for thX of 0,4 An in- 
crease of 0.14 and 0.23 which could ° Surfaces shows an in- 

material is used on critical surfaces The^r^?*^ 1 Contro1 Problems if such 
of these materials may possibly be due t ^ h ®, la f ge decre& ses in reflectance 
ror and fused quartz samples do Wot indicate TT because the »*r- 
sorption by the contaminant layer alone. arge changes due to ab- 

SUMMARY 

exposure to th^exhaSt prodWcS ^ 223,7 seconds of ■ 

evaluated for several prospective S ? \ MMH/N 2 O 4 5-pound thruster were 
fects for both reflectSS^S^^ ""h 61 ' 1913, ^gradation ef- 
samples that were studied. ^ansmittance were measured on the ten 

both absorpt io^an^scatterin^e f fects C with a ab tran f™^ btanCe W&S due to 

near uv wavelengths and scattering bM n h absor P tlon predominant in the 
lengths. Changes as large TsTV 50 I in the vl-ible wave 

uv wavelengths with negligible chances ?n T * T* raeasured in the near 
measured in the near ' infrared Tf. in . hem rspherical reflectance being 

samples on the sample pallet indicated^ 180 * 1 ° f the chan ges for various 
right side of the engine cent eMne ^ * ffect for on the 
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Changes in angular -hemispherical reflectance nf c 

the near ultraviolet were measured together with 3 L? Percent in 

throughout the visible, m the region of ? a J° 5 percent changes 
as much as 10 percent were measured. f °’ 8 ’ Changes in reflectance 

suits™? erM ”- d by ? 0 m P arln « the re- 

wlth the results of a previous «P«i»>eiit (223.7 seconds) 
dicated that total exposure time greater than ?? conds )■ The comparison in- 
alight influence on ahsorptio^fg??? f “ 1 aec ° ndS had only a very 
tance and reflectance measurements for the 

REFERENCES 

lhrSL?'p^esf Pa ??pe? m ra!io??/SM^ov? S 7 2? < ‘° ti ° n ' C ° ntro1 Systeo 

Plume Contamination on* th^Ontic 3 ?^’ ’’’ F ‘ 1 1116 Effect of Pocket 

Reflecting Mate^" *“*«»« aad 

3 ’ 'TS/ion^iaXt^ni P '°^“ aa of 

Vacuum Environment Simulator 5-Pound Thruster in a 

of Progress in Astro„“^?cs and™eSuti“s Ch^ Eadla T U °''- Vo1 - 31 
Press, 1973, pp, 145 - 158 . ‘ Cl "«' k » Tien, ed., MIT 

*• 3P| Thrus ter^Plume^n^pace craft^a tergal s* and" Optical^c * * “*"**«* 

IV wf. Plme Technol °^ Conference ^Redstone Ar^al, 

Thruster *Exhaust^Damage^of C S-13G whited °f. Thruster length and 

JANNAF Plume Technology ^nfeJencf ‘ ^sented at the 7th 

1973. 87 conierence, Redstone Arsenal, Alabama, Apr. 3 - 5 , 

6 . Edwards, D. K. • Gier T t . w« n 

ing Sphere fir ImpirLtN ?*£*■»• V Inta S rat - 

no. 11, Nov. 1961, PP. 1279-1288. ^ J * ° Pt * S0C ‘ **•> vo1 * 51 , 

^Perkin'E^er'^Corp. ^^Norwal^Conn. ^^l'gsef 11 ^ 1 ' 8,1 ' 6 ^ ^^iP™ 6 ^- Vol. 3A 

Spectrometer^ Engineer 6 P^bl ^o V™ Ultraviolet Scanning 

Mass., July 1966. 8 " 751 ’ Jarrel l-Ash Co., Waltham, 


6 


-7373 


W 



-35 CM- 


h*-IO CM 


v R-®® ® ®©©(£> 

cr>I)(D(d©©©® 
^c-®®®© ©@®® 
CL-® ® ® ® ® ® ® 
L-®0® ®® ®® 

PALLET LOCATED 10 CM BELOW 
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PALLET 

SAMPLE 

— — / 

MATERIAL 

L-I 

AMERSILT-08 FUSED SILICA 

- R-l 

AMERSILT-08 FUSED SILICA 

C-6 

AMERSILT-08 FUSED SILICA 

L-6 

CORNING 7940 FUSED QUARTZ 

R-2 

SiO OVERCOATED ALUMINIZED MIRROR 

R-5 

SiO OVERCOATED ALUMINIZED MIRROR 

1-2 

SiO OVERCOATED ALUMINIZED MIRROR 

L-5 

SiO OVERCOATED ALUMINIZED MIRROR 

CR-2 

POLISHED 2024-T4 ALUMINUM 

CR-1 

MATTE FINISH 2024-T4 ALUMINUM 


Figure 1. - Sample pallet layout. 



(B) MIRROR SAMPLE L-2. 

Figure 2 . - Photomicrographs of contaminated samples Maq 
mfication, X100. ' y 





UNCONTAMINATED 

HEMISPHERICAL 
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1 72 ~3 4 \ 1 WAVELENGTH, pM 

WAVaENGTH, pM ' lb) HEMISPHERICAL TRANSMITTANCE. 

lb) CHANGE IN TRANSMITTANCE. Figure 4. - Effect of sample location on chanqe 

c- mittance. 

Mgure 3. - Effect of thruster contamination on the trans- 
mittance of fused quartz sample L-L 




DIRECTIONAL 

HEMISPHERICAL 



F fhaL« ” Effe ct of thruster firing exposure time on transmittance 



Figure 6. - Effect of thruster contamination on the hemi- 
spherical reflectance of mirror L-5. 
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Figure 7. - Fractional change in reflectance of mirrors 
R-2, R-5, 1 - 2 , and L-5 due to thruster contamin- 
ation. 
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WAVELENGTH, uM 


Figure 8. - Effect of thruster exposure time on fractional 
reflectance changes. 



WAVELENGTH, pM 

<b) GLASS -BEAD BLASTED (MATTE FINISH). 

Figure 9. - Hemispherical reflectance of 2024-T4 aluminum. 
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